Introduction
Late rickets and osteomalacia are common among Indian and Pakistani immigrants to the United Kingdom (Dunnigan et al., 1962; Felton and Stone, 1966; Swan and Cooke, 1971; Ford et al., 1972) . Women and children at the age of puberty are most commonly affected. Nutritional deficiency of vitamin D does not appear to be an aetiological factor, and other factors such as skin pigmentation, social custom, and atmospheric pollution, which may reduce the endogenous synthesis of cholecalciferol, seem less plausible than when first considered (Ford et al., 1972) . Reinhold (1971 Reinhold ( , 1972 suggested that unleavened bread, with its high phytate content, may produce rickets or osteomalacia when ingested over a prolonged period as a main source of cereal. Wills et al. (1972) reported the prompt healing of late rickets in an adolescent Indian boy treated in hospital with a low phytate diet without alteration in his vitamin D intake. The present study was undertaken to evaluate the rachitogenic properties of unleavened bread in the Pakistani and Indian dietary by substituting leavened bread of lower extraction without alteration in other dietary or environmental factors.
Subjects and Methods
Two Pakistani women aged 21 and 45 years and eight children (four boys and four girls) aged 9-16 years participated in the study. All had biochemical evidence of late rickets or osteomalacia. After biochemical confirmation of the diagnosis the participants were asked to stop eating chupatties and to substitute white bread ad libitum. No other dietary restrictions were imposed and it was emphasized that the dietary pattern should remain in other respects unaltered. No other treatment was given during the period of the trial. The participants were visited weekly in their homes, when non-fasting blood samples were taken for the estimation of serum calcium, inorganic phosphorus, and alkaline phosphatase. Sera were separated and deep frozen within one hour of withdrawal. Biochemical estimations were performed on an AutoAnalyzer. The statistical significance of the results was assessed by applying Student's t test to paired differences between levels of serum calcium, inorganic phosphorus, and alkaline phosphatase before and after beginling the chupatty-free diet.
Results
A dietary history showed that the individual consumption of chupatties by the participants ranged from two to four daily, each weighing 40-60 g. The consumption of unleavened bread thus ranged from about 89 to 240g daily. The flour from which 447 chupatties are prepared is of 85-90% extraction and the estimated phytate intake from this source ranged from 80 to 240 mg daily, expressed as phytic acid phosphorus. This pattern of consumption is similar to that found in a detailed survey of the diets of Pakistani children carried out previously (Dunnigan and Smith, 1965) .
There was a dramatic biochemical response to the chupattyfree diet over a seven-week period (see Table and Levels of serum calcium showed a progressive and highly significant rise to normal or near normal levels. Levels of serum inorganic phosphorus showed a slight rise which just reached statistical significance. Serum alkaline phosphatase levels, after a significant fall in the first two weeks, showed a progressive rise indicative of the increased osteoblastic activity of healing bone disease. Apart from occasional self-confessed lapses all the participants seemed to adhere to the chupatty-free diet for the prescribed period, though with increasing difficulty in the latter part. It was evident that dietary advice to change from unleavened to leavened bread as a main source of cereal would meet with little success in the long term.
Discussion
The ability of phytic acid to impair the absorption of dietary calcium and to bind bivalent metals is well recognized and was studied in detail during the second world war (McCance and Widdowson, 1942; Krebs and Mellanby, 1943) . This led direct to the addition of calcium carbonate to the national loaf. Despite this evidence phytic acid in leavened bread has never been shown to cause rickets or osteomalacia in Western populations, and in more recent years the potentially rachitogenic role of dietary phytate has been questioned (Fourman and Royer, 1968) .
Yeast phytase degrades much of the phytic acid present in flour during leavening (Davidson and Passmore, 1966) . Because of this leavened bread contains an appreciably smaller quantity of phytic acid than unleavened bread of the same extraction. In Iran, Reinhold (1971) showed that rickets and hypogonadism (possibly due to zinc deficiency) occur in rural districts in which unleavened bread is consumed but not in urban communities where leavened bread is the main source of cereal. Nutritional rickets and osteomalacia are common in the populations of Nor-thern India and Pakistan who consume unleavened bread, but are rare in the rice-eating populations of Southern India (Vaishnava and Rizvi, 1971). Wills et al. (1972) recently extended these epidemiological observations by describing the rapid healing of late rickets in an Indian boy treated in hospital with a low phytate diet.
The present study showed that in Pakistani immigrants with late rickets or osteomalacia the substitution of leavened bread for chupatties in the diet leads to rapid biochemical healing without the need to alter any other dietary or environmental factors. The only tenable explanation for these observations is that the lower phytate content of the leavened bread of lower extraction (70%) converted the particioants from negative to positive calcium balance. Earlier conclusions that the occurence of late rickets and osteomalacia in Indian and Pakistani subjects was unrelated to the high phytate content of their diets must clearly be revised (Dunnigan and Smith, 1965) . Indeed, the term "phytate rickets" (or osteomalqcia) might be appropriate for this disorder. The simplest prophylactic measure seems to be additional fortification with calcium carbonate of the high extraction flour used in preparing unleavened bread; the current level of fortification is clearly inadequate-14 oz (400 g) of calcium carbonate per 280 lb (127 kg) of flour. Such additional fortification may well lead to an appreciable decline in the incidence of late rickets and osteomalacia not only in the Pakistani and Indian communities of the United Kingdom but in other populations who consume unleavened bread as a main source of cereal.
